Supplementary Note 1

Chemo-mechanical modeling for hp-SiNS
To simulate the lithiation process in hp-SiNS, a recently developed chemo-mechanical model is adopted here 1, 2 . In the model, the Li diffusion in hp-SiNSs is surrogated by heat conduction, and the normalized Li concentration c is regarded as temperature in heat conduction.
By solving a coupled boundary value problem:
with pertinent boundary and initial conditions, the dynamic evolution of Li concentration, morphological change, and stress generation in lithiated hp-SiNSs can be obtained. In Eq.(1),  is the Cauchy stress tensor, Ñ represents the vector differential operator with respect to spatial coordinates, D is the Li diffusivity, which is considered to be concentration dependent only in this study, V is the volume of the hp-SiNSs. Using the ABAQUS/Standard implicit coupled temperature-displacement procedure in the finite element package ABAQUS 3 , the coupled chemo-mechanical model is solved and Li concentration and stress-strain fields in the hp-SiNSs are updated incrementally. Meanwhile, the user subroutine UMATHT is used to interface with ABAQUS to dynamically update the diffusivities based on the instantaneous Li profile.
As shown in Supplementary Figure 11 (a), a hp-SiNS is attached to a rigid substrate that represents the counter electrode. Surface-to-surface contact interaction is applied between the surface of the substrate and the outer surface of the hp-SiNS. In order to simplify the model and ignore the Li diffusion across the contact surface, the Li source is directly set at the point on the outer surface of the hp-SiNS which contacts with the substrate ( 1 c  ). In addition, the symmetry boundary condition is used to reduce the computational cost of the model. Therefore, only a quarter of the solid model is considered in the simulation, and discretized by 8-node brick element, as shown in Supplementary Figure 11 (b) .
